This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 

IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



M M Coitst*nfwitiofl 
. V" ■ * Cnrr*»ak»* Cxrfttt Corpora Alter* Canada 



airwj dec txevcta 
kia cos 



Cohsutmjt «ix1 
Carport AH* 



(U> (C) 1,28*^43 
(21) 52S f 28* 



(23) 



1986/12/\5 
1991/08/27 
166-38 



(51) IMTL-CL, H2 13-4 3/24 

(19) (CA) CANADIAN PATENT <12) 



(54) Ocnductlvaly Heating a Subterranean Oil Bhala to Create 
Pex»*at>iUty and subs*quontly Produce Oil 



{12) Van tours, Peter , U.S.A. 

da Rouffignac, Eric P. , U.S.A. 
Vinagar, Harold J. , U.S.A. 
Lucid, Michael p. , o.s, A. 



(73) Sball Canada Linited f Canada 
(57) XI Claim 



CanadS 



1288043 




1286043 




1288043 




Palmt JtgnH 
Smart fa 



1288043 

t-i 




1288043 



— BEFORE HEATING 
— AFTER REATJSS 




.HEATED 
? INTERVAL 



10 15 20 25 30 35 40 45 50 



Patent -A<f*nU 
Dmitri 



t-e. 




FIG 7 



18 

16.5 

15 
13L5 

n 

105 

g 

75 
6 
1*5 
. 3 
► 15 
0 

-1.5 
-3 
-45 
-6 
-7.5 
-9 
-10.5 
-12 
H3.5 
-15 

-165 
-16 













_. • - 







































BEATE 


:r 




-V 













TOP 










B 

s 


EAT 











20 OA 


vs~ 




-is 
















"1 


L- t - 








"3 MO 


CTHS 




























































J 












HEAT* 


ft 
















BOITt 


IM 
























i 










i 




0 5 


0 1 


00 150 2< 


00 250 300 350 & 


00 4S 



PaUnl .Agmfi 




PoUnt ^Agmfi 



- i - 

K 8843 

ccrccccmr hsktims a subeehbanbvh oil sbkls to 

CXETvTE PEWOfilLITY AM) SSfifiPQU>XtlV FRXCC25 OIL 

Biis invention rolatei* to rBsgmnr^ oil from a aubtsrranson 
oil abala by imm of a cooSaetivo heat drive prone**, Norrc 
particularly, the invsntioo relates to treating a relatively thicks 
and substantially carpl*t*ly inp«roeable sctot fla nre na» oil nhai* fay 
3 soone of «. conductive boating pcozess which both crates a 

perntoftbla tons within a selected portion of the oil shale and 
subsequently produces shale oil toydrocej*on«. 

A parraeomfcy-adaad type of conductive hast drive for 
producing oil frca a aAfaerranaan oil shale via Invented in swoden 

10 F.LJungstroMi. That pcocew, which van inventad ■boot 40 years 

ago, was cannarcially assd on a smll scale in the 19*1*. It i* 
described in Swedish Patent* K*. 121,7371 123,136: 123,137j 
123,138; 125,712 and 126,674, In Halted Stztss Patent bto. 
2,732,195, and is journal articles such aai nWergroond Shale Oil 

13 PyrolyslR According to the Ljuog a troap Mathod*, ivx Vblm ?4 

(1953) No. 3, pegas 116 to 123, and "Net fiisrgy aecovorie* for Thv 
In Situ n d elec tric Uwtting of Oil Shala", Oil Shale SywposluA 
Proceeding* U, paqe 311 to 330 (1978). In the Swedish prccasa, 
fceat injection wells and fluid producing wells were ccnplebed 

20 within a permeable near^aurfaco oil shale ffarnattion so that there 
was 1ms than a thr wa mO re separation betsaaan the huratolea. Vtm 
haat injection wells vexe equipped with electrical ox other heating 
olccwutfi **nich were surrounded by a ness of notorial # auch as anS 
or cenent, arranged to tranandt heat into the oil shale while 

25 preventing any inflowing or outflowing of fluid. In the oil shale 
for which the Swedish rsooaas was designed and tested, the 
p auu e ato Uity was such that, due to a nrwiringnrei inflowing of ground 
watsr, a continuous prgpinyout of water was Beaded to avoid 
wasting energy *y evaporating that watar. 

30 With xespsct to substantially coapletoly lapcmeaehle, 
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relatively deep and relatively thic* oil shale deprwita, such oe 
thoaa i.n the Plcwnra Iiaatn in tb« ttait»S state*, tha pnainMlity 
of- utilizing a conductive heating urooeas for predBCinq oil km 
prevloualy considered to be — according to prior tcachinga and 
beUeis — *cr*icaacally utifeaadble. For sXivpOa, in the 
aheve-identifiad Oil 3da1o SyoposijuBb the Lj u n qnta rown procoaa is 
characterized cm □ prooaa* Mhich "^.auccwsXully recovered shale 
oil by m fr e flding tubular alactrical heating elannrta within 
hia>^jcV shale deposit*. This rouhed raliad on ordinaxy tfceml 
diffusion for shade baating, which, ot couxaw, requires lanju 
tsaperattirQ o^edienta. flw, hrnting «w very nuo-n**ire™j K»th& 
wore required to fully ratort anil roan-*j»i block© oi shale. 
Also, auch bast energy v*u woatad on unrktfhiHiting the coal* xeoirra 
bnyend tha periphery ot the miniU ng sons and c*«rhaeu:uig tho 
Khala closest to tha heat sonroa. Tha latter probla* in especially 
ijtportant la the c«M of Tfcwtem chiles, since theond «EMrqy i.n 
overhuartad zow, cannot be fully recovered by diffusrijon duo to 
cwfctbotfltLe reactiotw which take place above about WO *C.* {page 
313). 

In wfcstaDtially iaserneabie typaa of relatively thick 
eulrtaj^ansan oil fihala fanwticos, tfaa creating and aaintaiaipg of 
a pemeobis tone through which tha pyrolysis pnaducta can be flowed 
has been found to ba a aevere pciiiam. In US Patent Kb. 3,468,376, 
it is fltatpd (in cola. 1 and 2) that. "There are two jacchaaiani 
involved in tha transport of heat through the oil ahaie. Heat is 
transferred through the solid mass of oil shale by condLtction« "5** 
hctat ia alao transferred by convection tlurough the aolid vase of 
oil shale, itae transfer of heat by conduction ia a relatively alow 
process. The average chereal uondoctiTtty and average themal 
diffosivity of oil sbala are about thoee of a fijnebrlefc. Ttm natxix 
of enljd oil atvalo baa ao extreaely lev permeability mjch lite 
ungLtsed porceOain. As a xtnailt, tha convective transfer of heat ia 
liadtad to heating by fluid f lone obtained in open channels which 
traverse the oil shale. 'Jbee* flow channels ny be natural and 
artificially induced fractures. ... On hasting, a layer of 
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pyxolyxad oil shale build* adj&aatTt the channel. 13 da layen: is an 
irorgonic win-nil oatrix which contain* varying ctegroes of carton. 
The layer is an evcr-oxpandiTvg harrier to beet flew froa the 
heating fluid in the cb*»al." »e patent is dizected to a process 
fcr circulating heated oil tfiolt-pyn>l.yzing fluid through a flaw 
channel while Adding abrasive particles to the circulating fluid to 
erode the layer of pyitMywl oil fibula being fcraed adjacent to the 
channel. 

Although tha thernml co oJuc tivity and thaiml rtf ffuid.v.tty of 
many aubterxfttuan oil steles are, in fact, relatively ai«tfax to 
Chose of imfyl^xei porcelain and firebrick, a? Patent » 3,237,689 
postulates that *a rapid ariwmce of a heat front" (Col. 3, Una 7) 
can ba obtained by exchanging bast bet w een the oil afaale and. a 
nuclear reactor coaling fluid and describes system tor u*ing such 
reactors aithor located on the earth's aurfac* or in the oil ahala 
deposit. 

IS Patuot Mo. 3,2*4,281 says (at Col. 1, lines 3-21), "Tha 
protec tion of oil from oil shale, by haatiog tbs shale by various 
insane such as ... an •lavrtrical resdatance heater ... has been 
attessrtad with little aaccww, . ♦ . prsctiiring of the snalo oil 
prior to tbs application of beat thereto by in sita ocabusetoo ox 
other means has bean practised with little success because tha 
snala swaias upon heating with consequent partial, or ocapleta 
closure of the fractura*. The patent describes a process of 
sequentially heating (and thus swelling) the oil shale, then 
injecting fluid bo hydraulics! ly fracture tha swollen shale* then 
repeating those etape until a hsat-atabla fracture has bean 
propagated into a promotion wall, 

US Patent »♦ 3,455/383 describes the acconmlation of 
partially depleted oil shale rzaojasots within « flow channel such 
as a rnHsriiral treoturu being held open by tha pi eaaini of tha 
fluid within ttm chenncl. Ota patent discloses that if the channel 
roof is L l T taad ba aeintain a flow path above such a layar of 
depleted shala, the overlying rotataticas mast he bent and, without 
precautions, will bend to an extant causing fractures to extend up 



to the surface of tha aaxtlu Itc potent io directed to a prone** oT 
ioteroritteniJy reducing the pwire coo tha Hirirt within such as 
fracture to allow tha weight of the cweactourdao to crush and oanpact 
the layer of depleted shale- 
5 rn a significant portion of sU»etantiaUy larwfnwnbla and 

celixtivaly thic* oil anal* deposits, each aa those in tha Piceance 
Basin, a valaable resouroa of aOimjUis is peasant to the farm of 
daworrite. In OS Patent Ito. J f 3OT,97S, direct** to recovering 
aiij«drdT» vain** iron retartfid oil sbal** which heva bean nined out 

ID tram nch deposits, it la pointed out that, in a substantial 

absence of water* at tate^eratures of about U00 the daweonit* is 
osw u tUal to crystalline sodiun aOjudnato. Such a Hater-free 
retorting can dao3flpo*s dDlauit* in the shale to produce carton 
dioxide, calcite, and eaon-siias oxide so that mqpneaian oxide 

]5 conbinaa with part of tha aUicbc dioodde in tits shale, in a narmar 
permitting a higher recovery of the aluirt.nl am values by a ir+s*>ir+j 
process. OS Bntant ao. 3,302,372, directed to utilising eolation 
earring to recover dawe o oi he, indlOBtaa that where the pyrolyaJUi is 
Affected t? an aqueous flnid, each a* steam err tha product* of 

20 undargroond combustion, it neat be conducted at a low teaperatiira 
and Una relatively alowly, to avoid ooneerting the dawesoita and 
othar soluble alurdniaa ocopoenda to an inaoiuble wtterial such as 
analcdte. In OS Patent Hs. 3 , 372 f 838, a siailar relatively low 
temperature pyrolyvJe ia a l te rnate d with injections of an aqueous 
alkaline fluid containing an acid-Insoluble chelating agent to aid 
in leaching daeecnite without forcing such insoluble notarial s» 

fhe present invention relates to a prcceea for condgctivaly 
heating a eobtarrenean oil abaie footetion in a Keener arrang e d for 
producing oil from a eabtsrrenean oil shale yyi^ which is, 

>0 initially, TObetantialiy ixraraoaebls. m a cuadeuu a with this 
invention, the portion of oil ahala deposit to be txeated is 
selected, on the beets of the variations with depth in the 
composition- an properties of its ooeponente, to have properties 
capable of interacting in a rarncr virion enhance* the tmifbonity of 

35 tha heat fronts to an extent Uniting the Una end energy 
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oxpeaditures producing tha oil to values equivalent to less than 

the value of the oil which 10 produced. The ■•lection of tbe 

treateent inttrval ia based on the grade aod thickness of tha 

portion of oil ch»i« deposit to be treated end tbe enhanccnent it 

providaa amounts to reducing the eAount of beat energy lost doe to 

exothermic elde reactions and increasing the entrant of oil 

recovered from a given grade o£ oil shale. 

In aceordeoce with this invention at least two valla are 

cenpleted Into a subterranean oil anal* treatnent interval which 

la substantially iaparneable, containe substantially no ecblle 

water, ia at least about 30 a thick, la capable o£ confining fluid 

et proeees pressure, at leant substentially vitfcin the treatment 

interval, and contetas a grade aod thickness of oil shale such 

tbat tbe average grade In gallons of oil plus gas equivalent par 

ton by Fieoher Assay le at least about 10 and tbe product of tbe 

grade tines tbe thickness in autre* of tbe oil thale ia at least 

about SCO. 

Thus, tbe present invention provides in a prooess in 
vhlob oil is produced firon a subterranean oil sbale deposit by 
extending at least one each of heat-injecting and fluid-producing 
wells into tbe deposit, establishing a heat- conductive fluid* 
lmperneable barrier between tbe interior of each beat* Injecting 
veil and tbe adjacent deposit, and then heating tbe interior of 
eecb beet-injecting veil at a t separator* sufficient to 
court actively bent nil shale kerngen and cause pyrolysis products 
to tors fractures within tbe oil shale deposit through vhlob the 
pyrolyils products ere di spliced into at least one production 
veil, an improvement for enhancing the uniformity of the beat 
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fronts aovlog through the oil shale deposit, which comprises t 

determining variations with deptb in the composition and 

properties of the ell iiuU deposit; 

completing said neat-injecting end fluid-producing walla 
selectively into e treatment interval of oil chele in which 
the oil shale deposit (e) is at least about 30 « thick, (b) 
ie subetantlslly imperaeabla free of »obile water, 
(e) bee • composition end thickness ««ch that the product of 
tbe average fischer assay grade times the thickness of the 
treatment interval ie et leaet about 900, end id) thereby 
contains oonponents capable of interacting in * manner 
enhancing tbe uniformity of a front of conduct ivaly 
transmitted beat, with said wella being arranged so that, 
at least substantially throughout said treatment interval , 
the veil boreholes are substantially parallel end are 
separated by aubstaatlelly equal dlstancas of at least 
about 6 mt and 

within the interior of eecb heat-injecting well maintaining 
an average temperature which, selectively along said 
treatment interval, is at least about 600°C, but ia not 
high tnougn to thermally damage equipment within the well, 
while heat ie being transmitted, away f rom the well at a 
rata not significantly faster than that permitted by the 
thermal conductivities of the saxth formations adjacent to 
the heated interval within the well. 

In a location in which a subterranean oil shale may 
contain portions wteicb are generally suitable for use as a 



treatment interval (as described above) but are ape to be 
?eraa«too by substantially di.connected oetural fractures and/ or 
planes of vemkness as vail as beiug located near boundaries of the 
oil recovery pattern and/ox near * potentially active aquifer, the 
operation of the present process can advantageously be combined 
with a use of *gtierd wells" locate ceax the periphery of the oil 
recovery pattern and/or between a production well and an aguiff»r. 
Bach guard veils are extended at least substantially throughout 
10 the vertical extent of the treatment intervals eod the adjacent 

formation* are initially heated by thermal conduction in a eanner 
similar to that eaployed in the heat-injecting veils, except that 
the guard veils are heated at temperatures which are too lov to 
gasify significant proportion of the oil shale organic cosjponeota 
but are bigh enough to cause a significant thersal expansion of 
the rock matrix of the oil shale deposit. 

in sons instances, it amy be desirable to maintain each 

a 
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relatively lev tarpeiaroire guard vctll hRacfcing throughout at least * 
siAstaotial portico of tha shale oil rawery arocaaa. In otter 
irwtroceo. altar on initial relatively lev taafMratur» hasting of 
ths gnaxrt wliSi it nay bi «*/mTt&gacua to heal guard wall* at 
3 about the tesperaturc selected £or the hsat-injectiijg waie r iu 

order to axpaod the pattern of wall* £ran which oiJ is /Mcpif^ by 
thermal conduction. 

as used herein xvgurding the grade of the portion of oil ahals 
to bo trotted, the "average gndi in gallons per too fay Fiactwx 

10 Assay" rufara to the following! Dm caten-ai nation is or is 

equivalent to a dartar«ij>*tinn conducted Substantially as ascribed 
is the tSSm Standard Iwet Bathed i) 5904-60* Crushrd raw shad* is 
aasplad by riffle-splitttug. The oetwrwination of tbo *axait o£ oil 
plus gas equivalent available- fron oil ehaJe is wade by heating tin 

15 raff shale frosi satin* taafieretuic to 50G "C in cast alusaraaa* 

tUoj' retorts. The vapours distilled Cram the ssapla are cooled and 
tha oondefissd fraction la ml larrtaaO, The oil and water fractions 
are espomtad, the water volute (oonvwrbad to weight equivalent) is 
maasoxed and sr frlrsr f - e ft trcm the oil plus watasr wai^jt, Ui« weight 

20 of miaaxoonsaQle gases evolved Igas-plus^loss) la then calculated 
by difference. The grade, os uaed in the "grade tines thickness in 
luetxee of oU shale" product, is tha gallcm of oil plus 
hydxeoarcen gas equivalent corrospondlsg to the total waight of nil 
plus hydrocarbon gas evolved by tha basting. 

25 wells are convicted into tha te e afas a nt interval and ar« 

arranged to provide at least one each of raat-injeeting and fluid- 
producing walls having borehole* %bix* f substantial ly throughout 
the treatment interval, are aubstantially paxeJJol ood are 
separated by sUbslantially equal diafpeaa of at least about 6 su 

JO le aauh Jaast-iirjecting well, substantially throughout the UeatiaguL 
interval, t)ki wsll-suxxoonding face of the oil shale fbcavtiao is 
sealed vith a solid mtarlal and/or csnent which is relatively heat 
can±xsti\m and substaDtinlly fluid iosseat a ajbi au in each fUaid- 
p marrl ng w»U f substantially throughout tho tansaraant interval, 
fluid ODDsmsucation is established botwaan the wall barahoLe sod 



128S043 



tho oil shale fcaraatiaa onJ the well, la arranged for producing 
fluid iron tha oil shale fomatim. The interior of each, 
heat-in jeeti«j wall is boated, at lmt aobetanMaUy titroj^hcut 
die treatawnt interval, At a rate or ratas ospsble off (a) 
3 increasing the ta jop a ratcra within the borehole interim- to at lease 
about 600 *C and <b) ssdntainino. a borcbolfi interior i«eaeratuTe of 
at least about 600 *C without causing it to boons fcd^h ncugb tn 
thcvomlly damaga aouipaeut within tb* borehole while the rate at 
Which boat la generated in the borate!* ia sobetaDtiajly equal to 

30 that persdeeed by the heat cpnAjctivity of the oil whole XouuiUon. 

In a preferred asbsdiaasit of t±>e present process, the nrbarial 
for eoaliny the face of the oil afaala taxnatiaa along che borehole 
of at. Least ooe beat-injecting veil la a closed bottrn rawing 
qraitad bv carat arranged to fill substantially all uf tha spray 

IS batsman each ootemotft xnatailic elaaeat present within the interior 
of ths torabola and the adjacent face of tha oil shale forretion, 
with said cement having a thraal conductivity at least 
eohstantiaily as high as that of the oil shals fioraetion. 
P etamtna lians are xade of variations with depth iu tha 

20 oaopaeiticri and propsrtiee of tha oil shale deposit and. In a 

particularly preferred procedure, based on the variation with depth 
in tha heat eonduotivity of tha oil afaala deposit, tha nest- 
injecting wells axe heated so that relatively higher Crsr^raturos 
are applied at dapthe adjacent to portions of tha ©il shale deposit 

25 in which tha haat conductivity ia relatively low. In addition, or 
alternatively, 1a varioaa situations, tha effective radios of at 
lease one heart-injecting well is increased by creating en aapnodad 
portion of the veil borehole and extending ha^-coodocting metal 
eJanents frae within the heated well interior to near the vail of 

jo tha expended portion of the borehole* 

the peasant pr oce ss le valuable for use within a tanaata e nt 
interval of oil shale which contains other valuable Minerals such as 
dawsonice aod/or nahoollt*, tn each a situation the passant peoossa 
cxestse a peoaoebls coca which is selectiwely located, within the 

35 treatnaatt interval and substantially within the boundaries of tho 
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paeten> u&td for the oil projection, Tha resultant pcxsttable 
znni > 1a a 2or» £xon which sach other niixvrala can ha anlntlorv- 
nanad* 

In o-oeral, the preeacrt invention is applloabla to 
5 substantially any sifctcrxanaan nil jihale deposit containing on 
interval of aubetanH el 1y jjnajegaMble oil aha]* which is 
mjbaiam.iaHy free of wobile Kac«t\ is ttarc than afanut 30 tt thicfc, 
and hag an adequate ouervjm grade in gallons per tun (Piaster 
Afisary) to give a greo^thiokneea product of about 900 or graatar. 
10 The avorag* grade of the heated interval should be greater than 

abort 10 gallon* par ton (Fischer Assay) . within tfaaee limtaUonc, 
a higher aTadc~thictae» product is increasingly desirable if othar 
condition* such as depth rcoain the saw, 

Ths invention will new be explained in grater detail with. 
(3 reference to the aoocopanying drawings, in wMchi 

Figure l shews a plot of relative rate of return 030 for 1982 
US dollar* invested in installing and operating the pr ocess of tha 
presont ijwantion, a* a function of oil ahale grade-tMckoew 
(Gtfnn product, to produce Aale oil at its 1982 valne. 
20 Figure 2 illustrate* « plot of thernol prof f 1 tm at an 

dbttrvation wall regarding tanpararuraa oamanrad at rtifttaent 
depth* (D) end time within that wall. 

Figure 3 Is a plot of the radial theme \ profiles at tha 
fliiddle of a heated tone after diffarant tinea of hasting. 
23 Flguni 4 ia a plot of therual conductivities parallel and 

perpendicular to the bedding plaoaa of an oil shale as a function 
of temperature. 

Figure 5 is a graph of Fischer Aeaay yield with depth (D) in 
and abova a nested paction of suboemcean oil ahale. 
30 Figures 6 end 7 axe plot* of horizontal and vertical 

beTperefcare profiles within a heated portion of subterranean oil 
shale fOraation. 

Figure 8 ie a echeaatic illustration of a pnrHm of a well 
cceplotion arrenojeen t soi table for practising tha pj eeent 
35 invention. 



ml\ pattern used far the oil production. Tha resultant peraaeble 
zone is a xon* £rco *hicb each other mineral* can ha aaLDtlon- 
inimd* 

In general, the prasei ii invention Is applicable to 
5 cthcrflnHally any subtnrrunaon nil ahal* deposit containin g on 
interval of at±>«tant.iany laparaadal^ oil shai« which is 
auharwnially £rco of vobilja Kacer, is Dure than about 30 n thick* 
aod has an adequate average grade In gallon* par ten (Fiicher 
Assay) to give a grade^thiokness product of about 900 ox greater. 
10 Tha average grate of the baited interval should be greater than 

about 10 galloon pax ton (Fischer Assay) . within these llnixaUonc, 
a hiojhar grade- tftickn&ea prodact is increasingly desirable if other 
conditions such as depth rcoeXa the saw. 

*B*5 invention will now be explained in greater detail with 
(5 reference to the acq aajan ying drawings, in >d\idai 

Figure 1 cbowe a plot of relative rate of return 033 for 1982 
US dollar* invested in Installing eod operating the procaes of the 
presont invention, as a function of oil anal* grade-thlcJucsa 
product, to produce shale oil art its L982 vsloa, 
20 Fiora 2 illustrates a plot of thsraal proXilas at an 

observation well regarding tex&eratusee aaesared at different 
depths (D) and tiaae within that vail. 

Figure Z is a plot of the radial thsnal profiles at the 
udddla of a heated cone alter diffluent tinea of heating. 
25 Figure 4 is a plot of theml conductivities parallel and 

pcKpandicuiar to tha bedding planes of en oil shale as a function 
of tcxapcraturs. 

Figure 5 is a graph of Fischer Assay yield witb depth CD) in 
and abem a basted portion of s ubterr a n ean oil shale. 
70 Figures 6 and 7 are plots of horizontal and vertical 

tenfansature profiles within a heated portion of subtsa tansan oil 
shale formation. 

Figure 8 is a echefltttlo illustration of a porfrinn of a wall 
ccopleticti erreng e e e nt sol table for practising the preeent 
35 invention. 
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tar aand, ^o^trostt beaches ehafc tha in *itu halting Mid 
pyroly^iaq ahaold bo dona in a pontic© of the ije^arneablo fonattiai 
which is vertically contiguous to o wen- Into* cunractinq fracture 
or a layer which hcs different yQ^^i character and ia 
pannrabLe to How of the fluid product* of tte heating ur 
pyroiysis. 

Contrary to the ixplicataons of such prior teachings axrt 
beliefs / ejjplicants (ftaoovurad that the preaerrtly described 
ccreajctive heating process is coonafrimlly feasible for use in a 
eubstantialty Urperwaabla sufc<erxanaan aU rtvJe* This la not 
obvious, particularly in via? of the fact that tha present pccccse 
uses a ouch larger well spicinq then that uaod in tha Swedish 
process and tha present process ia coodacted by heating the 
injection veils to taoparatures of at leaat about 600 *C Jalthongb 
«C *C boa been sairl to ba conducive to en arfmtri,na.l 3y vanteoablft, 
heat-wasting , entbtheznic reaction > see tte Oil Stela 9yspcadm 
Proosedings aaptioned above). 

By aeane of laboratory and field teat JSHsm e utt Pta and 
wflthttmrica l nofels of the present process, applicants have found 
that whan tha well* an spaced, completed, aod operated aa 
presently <fcscribed, the only region in which beet energy la 
utilized in en endothersdc reaction anoanta to lees then about i\ 
of tha area to be heated, and the energy lost in that fashion is 
insignificant* Applicants have oetts&red the rate at etaioh 
substantially lAgarxuable oU shale fooeatiooa axe heated by 
conductivity, end have aataowined the aaouct of host required for 
pyrolyt Ing fcerogen aod thezaeOly panessarisiog the pyroiysis 
products to pressures capable of fractwrtng a relatively deep oil 
shale fconatioa aod thezemlly displacing pyxolyeie p codocts through 
tha ao-i=re«ted perrrani11ty> 

lb© data obtained by such femsnrensnts is the field aod in the 
laboratory nova bn eeployed In oaloulationa of power requlro- 
neota, wxnenics, tin to start production, project duration^ 
aoount of production, etc., in gertboDBtlcal siimlationa that 
correlate wiWi the field and laboratory data and dedicate the 
CTOgnitades of such factors in respect to a full cceJua process. 
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Thorn calculation indicate that the presently defined process is 
the oaly ahele oil yro ct nrtinn process of which ctjvlicant* ar© oeeirs 
whirfi is capable of economically obtaining oil Crcft a relatively 
low grade oil uhaie toraati/jn, so* as one in nhicn the Fischer 
Assay is only 15 gallon* or 1am per too. This capability on 
-Increase the necroletan neem of a siijruaacmt oroportion of the 
oil shale lend* by a lector of six. in addition, with respect to 
processec for \**ta*prou>id ruling ana oudified in situ retnrtlng ol 
oil i*mJe, tha preeent p r o ce s s wlgnifkantly increases the aoovxtt 
of available resources by eliadnnting the nmsA tor s*$jpart pillar* 
and intorburden between arijiing zams end by providing a neana fur 
treating sobstantiaLly all of a very thick interval of oil shale. 

Ihe present process can scbentagoouwly be applied to an oil 
■hate fornaticn in which there la significant cxanoantratim o£ a 
ndneral such am cssreonibe or naboolite. In such a taxssrion the 
process provide* a pezncable zone fxoA which such a ndneral can he 
recovered, in addition* the preeent procos* is particularly 
advao±agecns in converting d&waonit* to wator-eolsfele ccepounda of 
aluninlirE (pafcably rho-almdna) which have been (both ctetdoally 
sod physically) itwVs available for aoluttico-alnlng to prodnce the 
alixainitsa — an eeeenUal natorial which is in ahnrt supply vitixin 
the ftiitad States. In contrast to worry previously proposed 
processes, the process of the present luMenticn retires sub- 
stantially no water, involves idniaol lard disruption, and con be 
conducted with minimi atmospheric pollution- 
Figure 1 shots* Che relative rate of return for 1982 US dollars 
invested in installing and operating the present process in field 
applications that neve bean aatheaatioally sodelled fro* data 
obtained by field and laboratory tsMssreseDts. 

KCTgUE l 

A oariea of inject!^ and production wells is drilled into en 
oil shale fbtxution 4B a in thickness with 120 n of cverburtten- ate 
dvcznoe. oil grace of the interval is 20 gallons per ton as ctetor- 
ained by fiscber Assay* 

rm well pattern is a s ovar^sp ot with each heat ijrjectoc ab 
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ths corner of a xogular hexagon surrounding a central producing 
**U. spacing Is 22.5 a bstwaan producers end Snjcctors. Ibe 
pettttrn repeats with profcjocra daring tha iojactnre in eaob 
ttrectirai and continues to tor* a field-wide pattern capable of 
5 producing a larga quantity of oil. Ifce Injoctoc-to-praSuoRr ratio 
ajxaoroactos 2 to 1 id * large field. Tn ftoaple 1 the total oil 
prodDctiort is 23,000 buccal* par djy th rox jho u t tbo lift* of thu 
project. 

The injection weUs eLecfcrical haatar* are cm e ntad into ch* 
JO fcraation and connected to a power souroo on tbo yortaca. !Zha 
production tells arc oquippad.witb eran d ar d oil field puepa fox 
lifting the prodoced oil to tba surface* n« electrical injection 
rato is 3.23 x 1Q* WU/%»11 per day. tt*a tarttxwatsre of the 
injector* ortaine 750 *C* it» prrrinrrtlnn veils raacfa a terminal 
15 ta**j>arature of WD *C after 33-34 yesm of operatiaa. Production 
over thU period averages 5-6 barrele/oby par wall, with the 
average number of active prododDg wells being £ru* about 400 0 to 
5000. ffoat consuapticn ia 1.1 x 10* aro/barrel of liquid oil 
on* 

20 Gaaecus pxodocts collected free tba rrryViction veils ray be 

oral for on^aite generation of electricity or other porpoaaa* Tba 
oil-phaao potrolcut *feieh ia m pcodooad is superior to con- 
ventionally retorted shale oil. To* r*lati*a rata erf return vhicti 
oan bo B x peorart from tba ftaaple 1 eitontion is illustrated by tba 

2.5 "DC 1" fllrtvrHm deaiqnation on Pionre 1. 
WCnKPLB 2 

A acriea of injection end production moUs are drilled into an 
oil shale f conation 225 n in thlcknena with 300 a of overburden* 
Ttva a«ecage grade of tba oil shale interval is 25 gallons par ton 

:K> ah ceeerained by Fischer assay. 

Tba vail pattern is the same s e ven spot described in tempi* 1 
except tha epaciog is 13.5 » betMeen mils instead of 22.5 m. Total 
production is 25,000 berrale/doy txcqqhout the line of the project* 
Tba Injector to producer ratio still approaches 2 to 1 * In the 

35 veils, the boaters and production ep^aeant era adadlsr to those 
awcxibed in >fcafa?l* U 
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'J** ^ectrioal injection ratus is 10. 55 a 10* BTO/WLL pmr rt«y. 
TVu iniactiix) well tasparatuzra imch 750 f C and tlx pmJuctirm 
wells roach a final tagcrature of 300 °C after a prnfticHnn life 
of 9-10 year*. Prodaction ovwr this period averages 42-43 
barr*W<fcy per well, with the average mubur of active pnartad ng 
walis being abcut 600. The heat ccosucption is 5.6 v io 5 WWbaxxel 
of iicadd oil proSwod. 

Aa in Bsaapla x, gaseous products can ba usad for oo-oltu 
power gta taxation ox other purposes and tha liquid product wal) bo 
bigfcer in quality than conventionally retortad shale oil. T*» 
xiaativa rata of return which can ba expected is illustrated by the 
•EX. I 9 Situation designation an Figure 1« 

■Cable 1 list* contoinettons of oil f shale gradaa, thic i cne w e 
and crade-thidoscea predicts) -which axe generally suitable for vn 
in the present; process- Its* relative positions of seen grade 
thidoutft laxaajcta with respect to tha relative rates of financial 
return are illustrated by the destruction* "Ptwiarrad Range* <P. 1 
and IspeciaUy i>reforred Bang* 9 (H.P.PJ en figure 1. 



TftBLE 1 

cftarte {gallops/ too) PUrdross ha) Greda x Thictawsss 
30 30 W0 
20 45 900 
10 90 900 



Hare daairabla grade thickness exaeplaa axe shown as follras: 

Grade) fgaUopw/tanl n^iefcnocs (a) Qrada x Shtcteneas 

30 150 4500 

V> W 1500 

20 300 6000 

15 fiOO 9000 

10 225 2250 



20 io qral the higher Che grade thickness prcrajct the more 

desirable, the practice L epplicarinn is United only by ttw ability 
to haat tJie da aired interval. 
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Held gggt jjoagaffirt; 

Teate wa^ co*dacfcad in en co ccroppi nq of an oil shale 
fcmation Uuch is typical of «i»aan£ialiy latwroaMa end 
relativoly thick oil ahalx> d*ooeita. Thirteen borobolee wn 
S drilled to depth* betMeen 6 end 12 m and arranged to provida 9 
pattern of beab-injectinn, abeervation and fJLu^a-proAictiori well*, 
*ith the borehalo* Uiug spaced about 0.6 a apart in order to 
provida a natively rapid aoquiirlticn of data. Hut we* jn)ec*ofl 
at a rate of abate 1000 watt* pir raetr* for five deya. Aftar tbe 

30 heat-injection *all terperatore bod leached 450 *C, a ttte^retura 
faJ.3.-orX test we* nu for 00a day. 

Figure 2 shows the vartioml therxal promo* in an observation 
well, as a function of tlao, The date wae fitted to a antheaefcical 
eolation <5e**ibing the teoparatnr» distribution aracd a 

35 finite-length line imrtu inside' a Jtadiua of thaxnal oaftductivity 
(parallel to bedding) 3.25 wmL/cn«eo # C and thaxnal aandoctivifcy 
tpar p a nd i nnW I 3.25 soal/ca-aac^a fhe epertflo heat onpodty 
utilized ij\ the ralcolatlCTis wae mtpTted from the 
conductivity, thansal dHf fttsivity , and average bulk density of 

20 ocrae recovered during drilling of the well*. The theraophysical 
propsrtiee tor tbe tbe oil bhala in which tbe teat* vera conducted 
are sunnarifiad in Table 2. 



Figure 3 above radial profllee oonjwted tor the Middle of the 
heated zone for various beating tiaee (ti . At the end of a 
25 tBiSjJfii'nLuro bulloVup teat of 140.5 hours, the average f una Lion 
fcq^eaec a t u to hatwaao tbe baaber and observation wall wee 120 °C» 



TftBU 2 



Initial Resoxvoir T aasaeatair a 
Fischer Assay* 
nuix oensityi 
Thannal Diffueivityi 
Specific ucat Capacity: 



20 gallon/toe 
2*20 ga/ca 3 
6.6 x Hf 3 o^/aec 
0.224 oel/ga «C 



9.8 *C 
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Fispxcn 4 shews a ccopariaon of laboratory value* nti field 
data relative to Vm than»l conductivity parallel tn *rd 
pcrpsidiculor to the bedding plane* of the all ahnlo ffarnatian, aa 
a function of tasgaratu pe. The laboratory conductivity oooauxeeenta 
S were made on adjacent as?!** of acre frao the cbfexvstlco well, 
luting -care core* cut parallel to and sane cut perpendicular to tho 
bedding plana*, A rvi troo^av^tiioephece *os uad to eliarinafjj 
coclctetioD rmactlm. lha wnples isexe cco ctr alred In the vertical 
direction but were trw to expand radially. After the eanploe ware 

10 heated to 800 *C, the radial expansion averaged \.43%. As shown la 
thy figure©, the laboratory values ore la eacallant agreeannt with 
tha values mnrntml free, the field data. Tbo tests indicate that 
the thrnml conductivity ia Inmr in tto direction pzrpab&oulor to 
the beading plana, because kerogan layer* have a lower condpetivtcy 

15 than tin dolonite watrix. At tenperaturtts below loo *C, the thareel 
conductivity is essentially isotropicr as observed in tfao flald 
tests. But, that conductivity bacoaaa increasingly anisotropic, aa 
the kercgen Is mowed (at b fl t p aratnr aa between 300 and 400 *0 and 
can begins to occupy the spaces between the layers. Above 700 *C, 

20 both tha parallel and perpendicular conductivity da i e a ee a aherply 
due to tha dacoapemitirn of the dolcadte and evolution of 00^. 

When a aJrtcrran&oa oil sfaala fiazntion ia baatad the oil 
aheia expends *e the taoperature lncroaaea. toon the oil ehala 
tiw ^p ifr ataiza ruches a toercgen pyrolysing tetsporatajre (far exaepLo* 

2S f ron about 275-325 *C) additional expansion forces are generated* 
Ww kerogen is converted to fluids capable of occupying a larger 
volume than the kerogan, and anch fluids beooae increasingly 
pgeaevxAaed when the teaperetare la lnereaaed. Ae sore fluid ia 
tarnud and son fluid ia basted, hydceollcally Indaced tr e otnx e e 

30 form vitlilD tho oil shalo foreartion. 

P cactnb e a wiuxh are bydrmilicelly Induced within avbterranean 
earth faznaticfie fora along planes perpendicular to the leaet of 
the threw principal cnapraeeA fe stresses (l.e»# one vertical and 
two xatuaily peapandlculex horizontal ccopreeeive atceeeee) WUch 

33 exist Within any subterranean earth foonvtion. ftMntr, where the 
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hydraulic tractors* tend to be vortlual, horizontal fracture* can 
be famed by ln>iuting hutmS Ouldo so that the wall* of Che 
vertical fractarco are heats* urtU they swell abut. Then, by 
Increasing the fluid injectiic nfewsur* to greater than cMUbuxtkai 
pressure, a horizontal fractare can be fooosd, ?Xtzh process es Cor 
theznally inducing the fonmtion of horizontal fractures by 
injecting externally heated end nressortoid fluids ate <3tescribod in 
patent* such as the abcve-iectiared US Patent Ho, 3,284,781; IB 
Patent Hb. 3,455,391 by C.8. Matthare, P. Vermora and C.W. Vblsk, 
«5d US Patent Ho. 3,613,785 by P.J, Cloanaon* 

applicants have cow dUrweretf that vhen auiaetantiaaiy 
ijK^Bxzsette sctoxrrausati uil shales having the presently specified 
combination of grade end tMctaosa usee cooductively heated as 
presently suecifieA, a rone of pezaeabllity vu sieve loped tctaaeen 
Melle within the oil shuls, Alttoogh the prcaaaot invention is not 
premised on any particular eecheniai, in the ocuree of such a 
trcatJtent the heated oil sfaal* behaved mm ttaxzjn it me cabjected 
to tbe abova-deeocibed type of prcc*** for thezemUy uxtocing the 
formation of horizontal fractures. such a behaviour wee not 
predictable, since tbe pres e nt process i* operated without any 
injection of any fluid. It appears that when tbe present propose la 
eperattfd within an isparenable oil Aals, tbe in sitn Qeneradm 
and dn.cplaoancnt of boated and highly pressurized fluids <w*u tu at 
tbe tinea and to the extents reeded to successively extend and 
horizontally fra c tu re t hr ough successive pnrHnne of the oil shale, 
whsn those portions bacon condoctively heated. Ifc* tone being 
boated appears to undergo a relatively unifies*, horizontal, radial 
expansion through the oil shala, act the rate set by tho thexsml 
conductivity of the oil shale. lb each auooseeive location in vnich 
a Xerooan pyrolyxing; bewpersture ie reached* fluids appear to be 
fnrmeriU heated and pressurised so that eabstantially any vertical 
fractures whirfa axe ficmad within tbe hasted zone are oi»c<niently 
converted to bnrisontal fractures. 

applicants' tests indicated that substantially all of the 
fluid pyrolyels products of the oil shale tended to renin in or 
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near the lceetioos in \diich they were fomad unrfcU ttey were 
displaced, tfatc cqh anbetactially hord*ontal freuturea, Into wlls 
adjoining too hsot-iirjactaug well*. In addition, the fracture 
ij^ucijig pressoro of fluids an ttia horizontal fracture appttn to 
havu bran redaced as those fioids as^anaad and we cooled as they 
ooved away fron the hottest portion* of the reated tone. 

ttns. the pr»t process sen to index* the coving of a zone 
of taw.u^ay-wrQly*iug teaperatures through the oil shale 
uooasiKtely behind a km of Jxcallzad doctoring in ufaich the 
fractures azu, or soon bacoae, horizontal fracture*, lis* tastin g, 
and fractauritsq *cr*m sees to lAoarga * substantially tmifbatu 
horiaontal, radial expansion through tha oil shale, until tre rcne 
of fracturing reecho* a location (snob as tha borehole of a 
produutim \fell) fnn wJxioh too oil atadc pyrulyeia pa-oducta are 
withdrawn 

In addition, applicants have discovered that, at least wfaare 
the overburden pressure ia aaall, tha zom of probability that ia 
ctoatad between adjacent walla retains a significantly high <fegrea 
of permeability after tha fbrrertJon* have cooled. Thus it appears 
that, evan If the overtarden pxess&xe ia biota, an abdication of 
tha present process is capable of frrainq a well-interconnecting 
zcoo in which tha reusability reendoa high or con re readily 
restored by an injection of fluid after area or ail of the heat has 
dL&Hipated. And, the degree and location of that reusability can 
be controlled by controlling tre rata of reaDViog ♦I**** tte 
pxodacing walla. 

the date obtained by feasurerenta in field tests of the type 
dancrfbed above ware inclusive oft the thexasl conductivity of tba 
oil ahale foreetion^ the amount of oil recoverable fay Piaehec 
analysis at varione depths within bested intervals of the oil shale 
before and af tor renting, the aa a a u r q eaut of the anoont of 
pyrolysis prodosts recovered, and tba Uka. tttLLe no ccDeTOioat ioo 
twisted between beat injectors and predaoars at teat start-up f 
indccticoB at the end of the test ds wjusUa tcd that pameable 
channels bad fenaad. fhe results of standard engineering 
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oaloiUttcna wrc lj^iiLsitivR pf the applicability of a enrapt of 
the type fescribtd about to tha result* obtained by the t«ibs. 

Pigora S is a graph of Fischer Mtoxy yields, £xua the taigwt 
zco£ in tha field test, &c a function of depth o. the heated 
interval cartandad from 4.2 to 6 ju. Haa mild curve shows tte yields 
hafore the heating tnwtrmnt and the. dash** curve Ehom the yieldo 
after TBf/xtiag was oonpletad. The yields before and attar were 
owwrttially tha -ww cutaido tho baa tad interval. T5» iBasurtaanta 
were oad* on oorea from the centre of tha pattern before hsatirg 
and on cocas about 13 on amy after heating, ft* variations which 
are apparent in those yialdn arm within tho aocaal lisdta of 
accuracy for the r»aavring of such vaiiaw* 

Wltrdn tho heated interval tho Fischer Amy yield drops fnxn 
an average of 20 gaHana/trrr before the bast to less then 2 
gallaoa/ton after heating. The ret or t ing efficiency within tha 
process sens «ae thua better than Ml of Fiecher Assay. 

tt» pattern and extent of too roomy nnnrtrwe the fact that 
little oil wis lost over the producing horttoa tbrtagh vertical 
fracture*. In addition, tba uniformity In retorting affiniarcy 
through tba heated zone, Ixdioatea that theml fronts were 
jgpraclxtttftly uniform over nost of the heated interval. 

The trtifbffldty of the tharnal fronts Is even mare apparent in 
Pigaraa 6 and 7. itey show horizontal and vertical b a yexet nro 
profiles calculated for a eat of vertical bashers in a five spot 
square pattern. Tha eat need in the calculations includad four haat 
injectors and one ocotre prodnoar (not ahown, hot c ente red between 
the boaters shown on t*» fiqoreo) . Each heater was eeeuead to be 
24 » long and heated at the rata of B14 W/ou 

*ibe profiles in Figura 6 (graphs of tosparature variations 
with distance* fro* the hoeterai vara calculated along a horizontal 
aopoot Ijlj vMoh extend* through the odd-points of heaters at 
opposite e a rners of the aqnare* Figure 7 1a a aiailar graph of 
profiles along a vertical ssgnent 1^ on the axis of eyonetry of 
the pattern. 

Such calculation* indicate that by the tine) retorting 
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b&naaxatura* <27*-:W5 °C) art: roachad at the ontre of the pattern, 
acre than 871 of ita vnltn* baa been uunvertod i*dla only about 14% 
of the convartad volusu eat haated to acre than 325 *c furttansore, 
the calculations ir-dicnta that ii" tbe poacx Is turned off or 
raduawS before ths osntrv mm baa a taxowt tewporatuLW «cfa «a 
3i5 *C f the Dialling off of tba thaxoail fronts will still boat tha 
ooitxe o£ tha pattern to retorting ttnyaxattim and wlU also 
reAx?s tho taopezatare ri*e at the hoatura. Una ooda n< operation 
can ensure that Ifcsa than lot of tba hatted voluro it hmtad to 
raona than 325 »C« and ttiw cad Inrrraaaa tha ttwaal efficiency of 
tl» proeeea. 

In view of tbd abova taat nwql.te and the calculation* baaed 
on thnaa resolto, it appaare that/ coptxa to tbe prior oaaohinqa 
and baliofa, tha initial 1iry»nran)rllity of an oil shale dtpoalt uan 
ba utilised oa an advantage. The initlnl jjejaarwaability oonfira* 
the fluids and fractnxwa within tha wsll pattarn, alnca oo 
pacnoabUity exists until tha aooa between tbe beat-In jacting and 
f laid-pttducmg w«lls becooe pamaeted by a pattern of heat-iodbcod 

In tte present pnocasej, the rate at which baat ia transnttted 
into the oil shade deposit ia atzoogly affected by the taqporsturo 
gradient between a hMt-irrjectlog wall and tha surrounding earth 
foottsfcioo. In a preferred pecoedars, tha determ! nations of 
variations tfitfc depth in the ccapoaitian and propertfjea of tba oil 
flhala depoait include a dotnrrrt naHm of tha pattern of heat 
conductivity with depth within the earth ft******** adjacent to tha 
heat-injecting, vail. Baaed on «ucfa dataxninatioaa tba o B a pe amtu rea 
to which at laaat ona baat-inj acting vail la heatad are arrang e d to 
ba relatively high at the depths at which tba heat ooDdoctivitJbe* 
of tha adjacent earth tarnations arc relatively low, Thia tande to 
aaas0 tha rata at which heat is tra&sxlttod tfaroogfa tba earth 
Carnations to be aubotaotially anifoxn along the axis of tha 
haat-iTTjaccijwj wall, kmwo prco a ocres can ba utilized In order to 
provide higher teeperBtoree Id portione of baat injecting wells 
adjacent to earth foacatione of relatively low beat conductivity. 



for example, la Mils vfe&ch are being heated by electrioal 
resistances, additional resistant elements can be positioned at 
the location at mblch axtra beating Is required, preferably with 
precaution* biting ukio to avoid the creation of "run-away hot- 
spots" due to increasing temperature further increasing tht 
resistance and thus further increasing the beating, for «x ample, 
aa described in the commonly aaeignsd: Canadian patent application 
Serial Ho. 49S,&54 filed aovember 21, 19SI, by 9. VaoHeuxs and 

10 CP. Vao Bgmoad. In valla being heated by combustion, wore, or 
larger, or iort heavily fired, burner element* can be positioned 
lo ouch ioeations* 

Suitable determinations of compositions and properties 
of the mineral* and/or oreeoic components of an oil ahale deposit 
and the variations with daptb in such propartlas dan ba made by 
neana or known veil logging, reservoir sampling, and the Ilka 
analytical procedures, The determinations can utilize previously 
maasured geophysical or geochemical data or laboratory or core 
analysts, etc, ror exeaple, the varlatloas with depth in the beat 

70 conductivity of the adjacent formations can be detarainad fay 

calculations based on the kinds and amounts of materials present, 

and/ or by tharmal conductivity logging measurements, etc. 08 

» 

Patsnt mo, 9,607,22? dascrlbss a logging tool oontsining a 
constant, output beat source and three temperature sensors for 
obtaining a log of relative thermal conductivity mith depth. Vf 
Patent lo. 3,692,12a describes logging cased or open boreholes for 
temperature, specific beat and thermal conductivity, employing a 
constant output beat source and three temperature sensors. US 
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•20a- 63293-2743 
Patent Mo. 3,864, te* deectihee a logger ror nafclng otatioo 
■taeurweente o* tbanal conductivity by beatin* a foreetioa Cor a 
tiae theo ne&sarlDg tbe rate at whicb Uie temperature deoayc back 
to toe ubl«Dt temperature. US Patent ffo. 3,4*1,1*7 deecrib«e 
logging tberaal conductivity of a caaed wall by measuring tba 
temperature of tho oetiAg wall before and after paaelDg a heated 
probe along the vail. 

Am indicated above , eren with respect to a five-apot 
pattern in vbleh a aiagle fluid- producing veil le surrounded by 
four beat-injecting valla, eubetantielly all of tbe intervening 
oil 
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shale can be both retorted and aada pmibk. However, the present 
invention is preferably coploycd Iti a auxius at ctrttignm* aoven- 
or ttUrtecn-apot pattens — in eitfcar of virirh patterns 
(particularly in the ti^rteerrepot pattern) the retorting rut* in 
5 ai gnifir antly i na r aaaad by having earn f luid-pnxfccing well 
surrotxjdecl by ftix or tta&lve ha*n> injecting w*Jl«i. 

The Mils used in the present process cat) bo cajpJUAad by 
■utoatactially any ratted for tfrjUisg a borehole into and/or 
opening d pra-«viaring borehole into ©uld rxraamicaticc Kith toe 

10 sxteterranean oil ahala lorsaticn to be used as an oil sihaTa 

traataaant interval. Cn addition to having the Specified obaancv of 
tfigna fiennt asconta of rribila «tar< thickness, and grade of oil 
shala, the intarvsil to which the pitautt process is applied should 
be capable of amfining fluid at lsut aabatanti ally within tha 

13 treatment intervals at toast in reaped to allowing no aignificant 
leakage into overlying locations when the croacurs of the- fluid 
reschea process pressure* and fractures the fooarticn within the 
trairtnant interval, lb* bccahnlM o£ walla rrtrp] eted Cox una in the 
present p roofl ss should bo substantially pcattllsJ and separated by 

20 aobetantially equal distances of at least about € n. Borehole, 

BMparatiun distances bacwaaa injactnra and papoflacsm of from about 
9 to 30 a are particularly suitable, sor atolM fees of deviations 
fran parallel which cause variations of mre than about 20 per cent 
of the *a*ll difttnoDSS an> particoOarly suitable. 

bd the heafc-injecUng walls used in the present process, the 
cement or otcamb-lika aaterial lAxicb is usod to saal along tba faoe 
of the oil shale Boraatl cn is preferably relatively heat^cendoctive 
and substantially fl xud^inparraahla . Particularly preferred csjnents 
ara stasia at tatspsratfiros of at laast about 800 *C # have a 

53 relatively Mnji thrrrraT condix^ivitica* relatively low permeability , 
littlo or no ohrinfcage, an adequate ease of pcapsbility and good 
creed cal resistance/ etc. The permeability and disposition of thai 
sealing naiterial should provioa a seal capable of preventing any 
significant aaount of fluid flow betwee n the interior of the 

1* fcore*o1e and the fin of the oil anala farwtiao, ao that the 
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trnutfor of heal fran the %aj!1 to tte fonwitijon ia «**itantielly 
«otiieJy hy aorrtjction. ttxzo porticrj* of thtt heat-irvjsctiog wall 
borchola ar* sffactdvaJy increased In di&actcr near uppar and kMu; 
cxtrcadtl** of ths LmaliiMil interval, for exvvple, by uodsr- 
5 reading, the diaaatsra of ths- in mod port jew ant preferably at 
least about 110% of Lbe nominal borahola disaster. Calcium 
alininate-bcraed ooocretes and/or cmcrta containing aiiwrine- 
eilion-ba aggregates (or fin* particles) are particularly suitable 
for use as such hxaatian facs-*a*ltng *arterialiu £x*cp.1»9 of 

10 suitable cyrrnts and ooncrebaft Inoloit tones described in 05 
patents such as 3,379,2521 3,507,332 acrt 3,593,642. 

Piguxe 8 *oi« a portion of a hcat-injocting; wall Ixacfchois, 
boreholn i f %ihich ia suitable for use in tbe present Invention and 
19 located within a toostnent interval of SL^terranaan oil stole 

3 5 deport. Hoicholc 1 OCOtaiflO tmUxqud portico* f inch aa partiens 2 
and 3, which can oa tonced by conventional prooodoxca such as 
ix^rreaatirt? during driliini, eto. * casing 4 ia shown positioned 
within the borehole and paasnb a d into placa with a fluid- 
ixpenneablo, ha ate -ccatotl^a aarterial, each aa osaent* 

20 Hi thin each enlarged borehole portion, tho easing 4 is 

*guippsd with at least ona hsat^conaactive natal elaaent, soch as 
collar 6, oontaiiiing radially exbeoeiua alscemta or portions, such 
aa flexible natal tasters 7. soch hc et roanduetivo tetrrlnla foa 
relatively highly conductive paths finr oondpcting heat frcn within 

25 the. interior of a borehole to aubstantially ths wail of an enlarged 
portion of the borehole. Quaplea of suitable heat oondHotlva xetal 
alexente inrlnrla oajtal well scratchera, tOTbolenca Xnteara f 
oentralizers sod the lite such aa a Banrer-Lok Ttxrbobonder, or 
Boltlok IXirbobeoder, available from Bakerline division of Baker OU 

J0 Tools or a 101 Bar 8 ocntrellzur available frost Antelope Oil Tool 
an* Men»faci«ring Ccepany, cto. 

With an arajio a sa j nt of the type shown in Kigare 8, at least to 
sues extiuot, the front of beat tiiaj at i ltted sway frcai a haatp 
iirJactiDg wall can be subs xora unifbrji along a vertical line 

J5 traversing a layer of relatively lev heat conductivity without the 
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oeceaelcy of naintatnlng a higher tasparoture in the pnrticn of tte 
tttlL odjoort to that Layer, ttsn a uniioaa t&npioxtura ia 
HMlntrt Inert within the interior of the borehole:, th* earth frration 
face, alonrj wucfa an tnUr^d portion of the borehole bcooses heated 
to jMwtaotiany tho sou: fyrato as ttoa foueiUca face aloag 
narrower porticra of the borehole. Sine* t*w face of the fonation 
adjoining the borehole is haatod to th» h\&**t tc^peratare of any 
portion is the foxnation, the t eapexato trc gradient axtaodin? 
radially away from toe enlarged portion ol the boxo-faole is efcifted 
radially away £tm tim borehuJ*. 

Tn gerwcal, the heating of tha interior of the heet-inj*cting 
wall cod be aaxepUahed by substantially any type of besting 
device, such aa ccstoueticn *nd/or electrical type of beating 
dcxents, or tha lite. n» basting element ftaald estend 
MteteotieLXy throughout tbt tsssto s nt interval (preferably 
throughout at iwt about 80 per cent of that interval) , ttan a 
ccricustion type hooting element is used, a gee-fired heater la 
preferred. H» fbel and andante a cogtaeticfl heater <sucb as 
methane end csygen) aro preferably supplied trough separate 
conduit* loading through a heat exebangsr in Wiieh the inmning 
fluids arm heated by the rxifTI ceang ooatotioa protect a, Too burner 
h nua in g and fluid conduits of e corbuatlon heater mm preferably 
installed within a wall conduit ttnxh is rarer jaded by en annular 
apace that ia filled by the cedent for sealing the face of the oil 
shaln. Generally suitable type* of oorboetlcn heaters which could 
be arranged for ose In the present process axe deei i Lbed in as 
Patente each ee 7,670,8021 2,760,430 and 2,902,270. 

An electrical resistance hooter is particularly suitable fbr 
besting the interior of « beet-injecting well in the present 
process, A plurality of resistance oltcatots are preferably need. 
Tbe warjjetenee elensnts can be enunted within or ottarnal to en 
internal condnit or rod* or slsply extended into the boroholc lten 
tno reuiatancee ere external to* ox axe firoe of* s aoppcrtingr 
eleseotp such as a conduit or rod r tbey ara poderebly e sfa e dd e d in 
the count siilob seals the face of tha oil final* along the 
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trcataaat interval. Generally suitable types of electrical hwatirra 
vtfvich could be axxaagwd fbr cm in the present process arw 
daecrrhed In US FataitO 3U± aw 2,472,445r 2,«M,0S3> 2 ,670, 802 1 
2,732,195 end 2,9S4,826. 
^ In various reservoix sitaaUflna, porticos of on ail anal* 

deposit which would, in gsnetal, he suitable for uwe on a tziotnot 
interval, a* <WnSheHI Id cur pmnt a(?)JcAiaon, any be peraeate4 
by natural £ractoxr&£ and/or piiinmi of weakness. Ouch relatively 
weak rocks nay xrofergo relatively long extaosions of vertical 

10 fracture* whan pressurized fluids being oleplaped <a*iy rxun an 

injection Mill otA* into ttan. This wiy result in extending fluid 
pas»*gBweys J>eyond tJio opening into protetioo mV* srcVor lnU> 
adjacent aquifsra capable of causing an inflow of water to ao 
extent oetriieaitel to tte oil recovery prccces. 

JS Hfc bavo ru* ditfuovenad trait aoch prroature fracture exusnslatfi 

can be avoided by drilling and banting ■guard walla* within wuch 
rwlativftty weak oil shalo zoom in location* sutroucding- a pattern 
of hact injecting and fluid producing wells and/or in location* 
lntorndttant between a haat inj acting or fluid producing wcdl add 

W an adjacen t aquifer. Such guard walla are used for conductively 
heating Che adjoining fbrsotiooi aubatantinliy thrqqhont the oil 
-thai* intarwtl to be treated bo a txaeperatmce which is too low to 
gasify Aignificant p roport ion* of the oil shale organic ccoponents 
bat 15 hi^i enough to osufi* a tfignifixsacrt there*! expanarion of the 

23 xccfca , tthan thc*w rocks are heated trie natural fracture* are kept 
closed and the f ract u ring censed by the apptnaching pressurized 
fitxijde (displaced away fxca Jwtt-in^ecting wells) tsoda to be 
lioitod to hnrirmfnl fracture* concentrated along the eidee neateet 
to the heat-intact Ing wells. *ero fluid producing walla are 

30 located substantially between the bert-jjrjectirjg wella end the 

guard wells* the fractures are preferentially ext e nd e d into thoea 
wellc. where the high fluid prcmurea axe quickly reduced fay the 
production of the inflowing fluid. 

Iba ercoentexing of such relatively weak reservoir rocks is 

35 apt to be indicated by an inflow of water into wells drilled into 



1288043 



- 25 - 

such xocfcs* D3 qssaal f tha natural fiactonm ranting o ralafciva 
wwoofwi anVor «ator inflow can be ttemally oloGad by n 
mutiny «Ud basting, ** leng iw tho factarc porosity i* Dot 
acre than about 3 par cant* 
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C 3> A I M $ 

I. In a process in which oil ia prodncad fma a subterranean oil 
Ahala deposit by extending at iuaat era of faaat-injectii^ ml 
flxzid-pmkjcina wH» into the dopoeit, ttfifcabliafaing a baart- 
conductive fluioViiepeTDBable barrier bscwaon tha interior of each 
hwtt-inicoting wall and the adjacent deposit, and than toting tta 
*ntsoor of each heat-In Jeetiog wall at a tacparatxupe auffirriarrt to 
ucndnctivaly baat oil shale fcerogen and causa pyrolysXa products to 
ton fcacturaa within the oil shale deposit througfc which the 
pywlysia products oro displaced into at laoat ma production vail, 
an a appew f tt e n t for enhancing' tha uniforsdty of tha faaat fronts 
novdng thxajgh tha oil ahaia deposit, which msjrlansi 

datamjjgjpg variation* with dapch in tha cae2oait5on and 
properties of the oil ahala dapcait; 
ocoy Oaring said bsat^in jecting end fiuidVprcdocinQ **ila 
selectively Id to a taccam a nt interval of oil ahala in which 
tha oil absAe deposit laj is at least about 30 jq thick, (b) is 
scbstantialiy jspsnsaabls and free of noblAe water, (c) has a 
oooyosltlon aod tfaicicnawa each that tha prodogt of tha auecago 
Piachsr Assay grade tines the thickness of the treabnent 
interval ia at least about 900, and W) tbsntfy contains 
co a p o n en t a capable of interacting in a tanner enhancing tha 
onifotndty of a front of conAwttwoly tracsnlttod heat, with 
said walla being arranged as that, at least if^tsntielly 
tbx< afloat said treetsent lnterutl, the wall boreholes are 
sgbstantially parallel and are separated by sobstsntinUy 
equaX distances of at least about S and 
within tha interior of each fwjat^iirjacting well wainUining an 
flWSa beapexatuca which, aa2actively along said traatnant 
interval, is at least about 600 «c # hot is not high enough to 
thornaiiy dange o^pl p nen t within the wail, while baat is 
being transmitted away fan the veil at a rate not alonl- 
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ficently factor than that peadtted by the thunl con- 
ductivities of the earth forontictifc odjauunt to the basted 
interval within the well. 

2. The proc**** of cLujq 3 in which, to the extent reared to 
keep the rstw «rt which hat is trsnenitted thrcptjh the all Stale 
deposit substantially uaiimas slang tha ami of the htstsd intsxvel 
of the heat^irijecting vail, the ^t^^*««^ at which at 

least one hent-iiijectina; veil is heated is relatively higher at 
capth* acrjeosnt to portions of the oil shalo deposit in which the 
boat conductivities are relatively lower, 

3. the process of clain 1 in which the rate of banting the 
Lntmriar of at least one heat-jLnjcctlog well Is varied to an extent 
cauaina an effective levelling off of the choanal front so that Che 
rata of advance through the oil shale of the thexratl front in 
ocnrlnnflrt at atetmtially the sane rate while the rate of lrcraase 
of the tespersture within the boretolo in sicpif icantly rodnocd. 

4. Tba proas* of dai* 1 in which the heet-injectina/ and 
fluia-oroAjcijig wile are arranged in a eeriee of contiguous 
patterns in which each thxL3-yroAkei*q vail is by at 
laeet four haat-injectiagr wells. 

5* Trw procasa of dai» 4 Id which each tfuld>pjxx&icing well is 
snrrouodad by twelve feafc-inject i ng well*. 
6* The process of clain 1 in which the oil shale grado is at 
least about 20 gallon* per ton and the graonH^icteees prtAict is' 
at leaet about 4500, 

7. the process of claln l r cojnprialng the stop* of 

in each heet-injecting wed J, axtotentieUy tlexo*oat the 
treatoent interval, ernillnj the face of the oil shale foonatira 
with a solid netariai which la xelstrvely heat-cxashutiva and 
substantially fluid l apenoB ab lAi 

in at least one hBSirixrjectlng well incraasinsr the effective 
dummVKr of the borehoU in at least one portion of the eraarxent 
inbarval and artsccHng at least cob b aa^o a ndec tise) ratal elsnsfit 
fan within the Interim- of the borehole to near tho face of the 
so-enlarged portico of the borehole? and 

in each Iluld-prcdteing well, o*efcantially throughout the 
treatoent interval, emabliahing flrdd ccemaicetkw beteeen the 
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well core u4 the oil shale ftrmntlcn and arranging the well for 
pxdxrinq fJuid fro* ihe oil ahala fcoacioD. 

8. The pocto of dais 7 in nhich the imtaodaA aaalina; thv faoa 
of thsr oil sh&l* fortartHm aiano the bor^rxLe ot a baat-injaetlng 
5 well is a com* a rra nged to fill awbataotially all of the apace 
betwwn the outoxaoat atttallic olaoamta vdthin tho Lntoarlor of the 
borehole and th* tam of ttie oil theJ* fpawtfon/ «t£K said o*n*mt 
having a thrawl apeAx*ivity at least mfcfttanttally am fcrLgb as 
that of tho oil uhala fb ao bL ioa. 

(0 9. 'the parccow of claim L in which at lwst era veil located near 
*d ad^n of a pattexji o£ heat-injecting ana nui^coterlng valla is 
axtttoded waartantially throughout tba traataent interval cod hautad 
at a teipa r aturtt high anjegh to causa a tfaaraal ovendlng and/ or 
compressive strcaaing of the* adjacent earth Carnations hot Ixm 

15 cjnough bo avoid significant thsxoal Bccolination of or^nic 
ccaamanta of tba oil apaia. 

10. Che procosa of clain 9 in which at least one to heated well is 
wjbsecfjtccttly heated at about tlse tsapoxatsnne aalected Cop the 
heating of the hsat^Jectlng wells being employed. 
20 11* precoma of clain 1 in which the wall hraainlae of amid 
haat-injaytioi and Gnid prrHiSog walla ara aaparatad by 
ttibartantially equal distances of about * to X a. 
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oarocTOBiy MBMnH9 a grama mpm ot. shmx so 



shala oil la aabaaojflfifttly peoftaood £ra a adb€acnnQ» 
interval of oil shala, *tore the interval is initially 
substantially SBpsrnNtoJ* and contains a ap a cif J a d gcada and 
thickness of oil shala. Said iafcaxval ia condocttoaty haafcad frao 
bac^bola Inrtarloora which axe k^t hotter than about 600 *C and ar« 
bcatod at a rate such tbat kercgan pyrolyaia p rodhct a Zoned lrfttOn 
th» oil ebala crmata and flfv through horiatntal fcactnnta which 
au baa qu a gtl y baocwo cottaodad Into fhiidHpcodJClog walla that axe 
positioned la apacifiad IccKtiOT** 



